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Abstract 
A latent heat storage unit (LHSU) that combined with energy storage modules and an air cooler was investigated to 
save the space cooling energy consumption in telecommunications base stations in China. A mathematical model was 
employed to simulate the heat transfer processes within energy storage modules and air cooler. In addition, an 
experiment was carried out in an enthalpy difference laboratory. The relative errors of air and temperature difference 
between the simulation and experimental results were calculated for energy charging process and energy discharging 
process, respectively. It was shown that the relative error for the water circulation system was reported to 1.33% and 
5.23% under the charging and discharging process and 7.27% and 8.00% for air circulation system. The annual 
energy saving ratio was presented as a function of PCM melting temperature for varied pump flow rates and fan flow 
rates. To obtain the maximum annual energy savings ratio, a genetic algorithm was developedˈconsidering fan flow 
rate, pump flow rate and melting temperature of PCM. Annual energy savings ratios were improved by 6.48%, 4.39%, 
3.48%, and 3.51%ˈin Shenyang, Zhengzhou, Changsha, and Kunming, respectively. 
© 2015 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Approximately 7 billion (kWh) electricity is consumed by telecommunication base stations (TBSs) in 
China every year, which has the largest communication network scale in the world [1]. Among the total 
electrical consumption, air conditioning system is using 30-50% electricity of the entire electricity 
consumption in TBS. More efficient air conditioning system should be developed to reduce its energy 
consumption [2]. Free air cooling can reduce the space cooling consumption in TBSs [3]. However, 
natural cold energy is discrete and unpredictable. Latent heat storage system having high energy storage 
density [6, 7]ˈis used to bridge the gap between energy supply and demand of natural cold energy [4, 5], 
because it provides. Sun et al. [8] investigated the energy and electricity savings from the application of 
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PCM boards in building enclosures theoretically for a time period of three summer months. At recent 
years, LHSU had been proposed with a natural cold source to generate cool air to reduce the indoor air 
temperature in TBSs [9]. However, the operation conditions [10] and the PCM melting temperature [11] 
are the main factors to influence performance of the LHSU system. Haillot et al. [12] identified the 
optimal PCM melting temperature to maximize the solar fraction or minimize the electrical consumption 
for the hot water system. In Ref. [13], the optimal air flow rate was found to maximize the coefficient of 
performance in a latent heat thermal storage system and meet the need for comfort conditions in 
Eindhoven city.  
This work focuses on the optimization of the LSHU previously developed in Ref [9]. A mathematical 
model was developed to the heat transfer processes within energy storage modules and air cooler. Inlet 
and outlet water temperatures and outlet air temperature of LSHU were calculated.  Average relative 
errors were obtained, comparing with the experimental data measured in an Enthalpy Difference 
Laboratory. Energy savings ratios were predicted for the different melting temperatures of PCM and 
pump flow rates. Finally, a genetic algorithm (GA) was developed to get optimal PCM melting 
temperature and operation conditions containing fan flow rate, pump flow rate to maximize the annual 
energy savings ratios of the LSHU system for TBSs in four different climatic zones in China. 
2. System description 
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Fig .1 Schematic diagram of the latent heat storage unit (LHSU) in the TBS  
 
Fig. 1 presents schematic diagram of the latent heat storage unit (LHSU) [9] in the TBS. The outer 
diameter and length of copper pipe are 9.52 mm and approximately 3 m, respectively. Copper pipe 
connects the air cooler (AC) and the energy storage modules (ESMs), forming a closed water loop. 
LHSU operates under three modes, which are the energy charging, fresh air, and the energy discharging 
modes. For the energy charging mode, outdoor air temperature is between 0oC and the PCM melting 
temperature. Pump and fan are running in this mode. When outdoor air temperature is in the range of the 
PCM melting temperature to 25oC, fresh air is drawn into TBS. In addition, when outdoor air temperature 
is over 25oC, LHSU is switched to discharging mode. Pump and fan are running to release the cold energy.  
3. Theoretical formulation  
LHSU performance optimization was carried out using a genetic algorithm (GA), which was known to 
be robust and particularly efficient to deal with discontinuous parameters [12]. It was used to maximize 
the LHSU energy savings ratio (ESR), considering the PCM melting temperature, the fan flow rate and 
pump flow rate. Fig. 2 presents flow chart of energy savings ratio optimization process for different 
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operation conditions using GA.  
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Fig. 2 Flow chart of energy savings rate optimization process for different operational conditions using GA 
Annual energy savings ratio was selected as the objective function in GA, which was defined as the rate 
of energy savings attained by using LHSU to the energy consumption of the conventional air conditioner. 
It depended on the fan flow rate, pump flow rate, and PCM melting temperature, the threshold values of 
which are varied from 1000m3/h to2000m3/h, 0m3/h to 1m3/h and 0oC to 25oC, respectively. The annual 
energy savings ratio (ESR) was calculated by Eq. (1):  
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The heat transfer process in the LHSU consists of the heat transfer between the air and the water in the 
AC, and the heat transfer between the water and the PCM in the ESM. 
The heat transfer rate between the air and the water in the AC was calculated using Eqs. (2) – (5): 
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    During the fresh air mode,  
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                                                                                                (5) The heat transfer rate between the water and the PCM in the ESM was calculated using Eq. (6) and (7) 
[14, 15]: 
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For the discharging mode, the mechanism of heat transfer is similar to the charging process, 
where their heat transfer directions are opposite.  
4. Results and discussion 
Comparisons between the calculated results and tested data are presented in Fig. 3. The experimental 
data are tested by placing the LHSU inside of an enthalpy difference laboratory (EDL) [9]. It is found that 
the relative error less than calculated by Sun [9] for charging and discharging modes. It was proven that the 
mathematical model developed and the corresponding program can be used to characterize the heat transfer 
process of LHSU more accurately. 
                     
Fig. 3 Comparisons between calculated and tested temperature differences 
Annual energy savings ratios of the LHSU in four different Chinese climatic zones were predicted 
through a self-developed MATLAB program. Fig.4 presents energy savings ratio as a function of melting 
temperature of PCM at the constant fan flow rate of 2000 m3/h for different pump flow rate in four 
different Chinese climatic zones. When the pump flow rate increased from 0.2m3/h to 0.8m3/h, ESR 
increased, but the increasing trend slowed down. The maximum ESR was between 55% and 56% in 
Shenyang city, while they are between 56% and 57% in other three cities.  
Table.1 Optimization results of LHSU using genetic algorithm 
Locations Working conditions after optimization  ESR (%) 
Fan flow rate(m3/h) Pump flow rate(m3/h) Melting temperature(oC)  Before optimization After optimization 
Shenyang 1862.47 0.93 5.00  53.47 56.94 
Zhengzhou 1759.24 0.90 4.30  54.71 57.11 
Changsha 1933.80 0.98 3.90  55.16 57.08 
Guangzhou 1334.84 0.61 4.00  54.98 56.91 
 
Table.1 shows the optimal results of the genetic algorithm, which are obtained in four different Chinese 
climatic zones. Before optimization, the PCM melting temperature, fan flow rate and pump flow rate were 
set at 20oC, 2000m3/h and 0.4m3/h, respectively. The energy savings ratio in Shenyang, Zhengzhou, 
Changsha, and Kunming was improved by 6.48%, 4.39%, 3.48%, and 3.51% after the optimization, 
respectively. 
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Fig.4 Energy savings ratio as a function of melting temperature of PCM in four different Chinese climatic locations for different 
pump flow rate 
5. Conclusion 
In this paper, a latent heat storage unit that combined with energy storage modules and an air cooler was 
investigated to reduce the space cooling energy of TBSs in China. Annual energy savings ratios were 
depended on melting temperature of PCM of different pump flow rates and fan flow rates. In addition, GA 
was used to optimize the annual energy savings ratio to get the specified operational parameters and PCM 
melting temperature in different climatic zones in China. The conclusions were as follows. 
(1) The average relative error between experimental data and simulation results was 5.46% for water and 
air temperature differences, which illustrated that the mathematical model and corresponding program 
simulated the LHSU performance accurately. 
(2) After the optimization using GA, annual energy savings ratios were improved by 6.48%, 4.39%, 
3.48%, and 3.51% in Shenyang, Zhengzhou, Changsha, and Kunming, respectively.  
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